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A process for preparing 
1 H>iinidazo{4,5-c]quinolin-4-amines is 
disclosed. The process involves reacting 
a 6H-imida2oI4.5-c)tetrazolo[1.5- 
ajquinoline with triphenylphosphine and 
hydrolyzing the product thereof. 
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PROCESS FOR PREPARING IMTOAZOOUINOLINAMINES 

Background of the Invention 

TephnigalFjgM 

5 This invention relates to processes for preparing lH-imidazo[4,S-c]quinoliii- 

4-amines and to intermediates for use in preparing lH-imidazo[4,S-c]quinolin-4- 
amines. 

Description of the Related Art 

10 Certain antiviral immimomodulator lH-imidazo[4,S*c]quinolin-4-aniines and 

methods for their preparation are known and disclosed. For example U.S. Pat. Nos. 
4,689,338 and 4,929,624 (G^er) disclose a method involving the step of heating 
the corresponding 4-chloro compound in the presence of ammonium hydroxide or 
ammonia under pressure to provide the 4-amino compound. U.S. Pat. No. 

15 4,988,815 (Andre) discloses a process involving amination of the 4-posttion of a 3- 
nitro-l,4-dichloroquinoline. This process too involves as a final step the reaction of 
ammonia with a 4-chloro-lH-imidazo[4,S-c]quinoline. 

Milder methods have been used in order to introduce the 4-amino group of 
lH-imidazo[4,S-c]quinolin-4-amines. U.S. Pat. No. 5,175,296 (Gerster) discloses a 

20 process involving the reaction of a lH-imidazo[4,5-c]quinoline 5N-oxide with an 
organic isocyanate and hydrolyzing the product to provide the 4-amino compound. . 
U.S. Pat. No. 5,367,076 (Gerster) discloses a process involving the reaction of a 
lH-imidazo[4,5-c]quinoline 5N-oxide mth an acylating agent and reacting the 
product with an aminating agent to provide the 4-amino compound. U.S. Pat. No. 

25 5,395,937 (Nikolaides) discloses a process involving anunation of the 4-poation of 
a 3-nitroquinoline*2,4-disulfonate with a substituted amine. The final step of the 
process involves hydrogenoly^s to provide the 4-amino compound. 
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SwniMry of the InvCTtiOT 

This invention provides a process for preparing a lH-inudazo[4,S- 
c]quinoUn-4-amine comprising the stq>s of: 
CO providing a tetrazolo[l ,S-a]quinoIin-S-ol; 
5 (u) nitrating the compound from step CO to provide a 4-nitrotetrazolo[ 1 ,5- 
a]quinolin-S*ol; 

(iii) sulfonylating the compound from step (ii) to provide a 4-nitrotetrazoIo[l,S- 
a]quinoiin-S-sulfonate; 

(iv) reacting the compound from step (iii) with an amine to provide a (5- 
10 substituted>4-nitrotetrazoIo[ 1 ,S*a]quinolin-S-amine; 

(v) reducing the compound from step (iv) to provide a (S- 
sub5tituted)tetrazolo[ 1 ,S-a]quinolin-4,S-diamine; 

(vi) reacting the compound from step (v) with a caiboxylic add or an equivalent 
thereof to provide a (S-substituted) (6-substituted) 6H-tmidazo[4,5-c]tetrazolo[US- 

15 a]quinoline; 

(viO reacting the compound from step (vi) with triphenylphosphine to provide a 
(1-substituted) (2--substituted) N-triphen^phosphinyl-lH-imidazo[4»S-c]quinolin-4- 
amine; 

(viii) hydrolyzing the compound from step (vii) to provide a (1 -substituted) (2- 
20 substituted) lH-imidazo[4,S-c]quinolin-4-amine; and 

(xi) isolating the (1 -substituted) (2-substituted) lH-iniidazo[4,5-c]quinoiin-4- 
amine or a pharmaceutically acceptable addition salt thereof. 

This invention also provides a process for preparing a lH-imidazo[4,5- 
c]quinolin^amine comprising the steps of: 
25 (0 providing a (4*substituted) axmno-2-chloro-3-nitroquinoline; 

(ii) reacting the compound from step (0 with sodium aztde to provide (5- 
substituted)-4-nitrotetrazolo[ 1 ,5-a]quinoIin-S-anune; 
Ciii) redudng the compound from step (jS) to provide a (S- 
substituted)tetrazolo[ 1 »S-a]quinoIin-4,S-diamme; 
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(iv) reacting the compound finom step Qii) with a carboxylic acid or an equivalent 
thereof to provide a (S-substituted) (6-substituted) 6H-inudazo[4,S-c]tetFazolo[l,S- 
a]quinoiine; 

(v) reacting the compound from stq> (iv) with triphenylphosplune to provide a 
5 ( 1 -substituted) (2-substituted) N-triphenylphosphiny]- 1 H-imidazo[4,S-c]quinolin-4- 

amine; 

(vi) hydroiyzing the compound from step (v) to pro\dde a (1 -substituted) (2- 
substituted) lH-imidazo[4,S-c]quinolin-4-amine; and 

(vii) isolating the (1 -substituted) (2-substituted) lH-imidazo[4,S-c]quinolin-4- 
10 amine or a pharmaceutically acceptable addition salt thereof 

This invention also provides a process for preparing a lH-imidazo[4,5- 
c]quinolin-4-amine comprising the steps of: 
(i) providing a (1-substituted) (2-substituted) 4-chIoro-lH-inudazo[4,S- 
c]quinoIine; 

15 (ii) reacting the compoimd from step (i) with hydra2dne to provide a (1- 
substituted) (2-substituted) 4-hydrazino-lH-imidazo[4,S-c]quinoline; 

(iii) reacting the compound from step (ii) with sodium nitrite to provide a (S- 
substituted) (6-substituted) 6H-imidazo[4,S-c]tetrazolo[l,S-a]quinoline; 

(iv) reacting the compound from step (iii) with triphenylphosphine to provide a 
20 (1 -substituted) (2-substituted) N-triphenylphpsphinyMH-imidazo[4,5-c]quinolin-4- 

amine; 

(v) hydroiyzing the compound from step (iv) to provide a (1 -substituted) (2- 
substituted) lH-imidazo[4»S-c]quinolin-4-amine; and 

(vi) isolating the (1-substituted) (2-substituted) lH-imidazo[4,S-c]quinolin-4- 
25 amine or a pharmaceutically acceptable addition salt thereof 

This invention also provides processes involving certain of the various 
individual steps set forth above, and combinations of such steps. 

In another aspect this invention also provides 4-nitrotetrazolo[US- 
a]quLnolin-5-ols, 4-nitrotetrazolo[l,5-a]quinoline-5-sulfonates, (S-substituted)-4- 
30 iutrotetrazolo[ 1 ,5-a]quinolin-5-amines, (5-substituted)tetrazolo[ 1 ,5-a]quinolin-4,5- 
diamines, (5-substituted) (6-substituted) 6H-imida2o[4,5-c]tetrazolo[l,5- 
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alquinolines, (1 -substituted) (2-substituted) 4-hydraztno-lH-iniidazo[4,S- 
c]quinolines» and (1-substituted) (2-substituted) N-triphenylphosphinyMH* 
iniidazo[4,S-c]quinoUn-4-ammes. 

Pgtiiflcd Pwcpption of thg favCTtiOT 

5 Substituents designated parentheticaUy herein indicate that the substituent is 

optionally present, e.g., a 4-<substituted) amino compound contains either an 
unsubstituted 4-amino group or a substituted 4-amino group. 

Reaction Scheme I illustrates processes of the invention and the preparation 
of compounds of the invention. The unsubstituted compound of Formula I is a 

10 known compound and other compounds of Formula I can be prepared by methods 
known to those skilled in the art and disclosed, e.g., m Chemistry of Heterocyclic 
Compounds (English Edition), 1981, Ifi. (12), 1286-1288 (Zyiyanov). 
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Reaction Scheme I 

In step (1) of Reaction Sdieme I a 4-nitrotetrazolo[l,5-a]quinoim-S-ol of 
Formula II is provided by lutraling a tetrazoIo[l,S-a]quinolin*5-oI of Formula I. 

5 Conventional conditions for such reactions are well known. Preferred conditions in 
the instance where R is hydrogen involve heating in acetic add in the presence of 
nitric acid. Preferred conditions in other instances will depend upon the particular 
tetrazolo[l,5-a]quinolin*S-ol used, and those skilled in the art will be able to select 
suitable conditions. The product can be isolated from the reaction mbcture using 

10 conventional methods. 

In step (2) of Reaction Scheme I a 4-nitrotetraozolo[l,S"a]quinolin-S- 
sulfonate of Formula III is provided by reacting a 4-nitrotetrazolo[l,S-a]quinolin-S 
ol of Formula n with a sulfonyl halide or preferably a sulfonic anhydride. Suitable 
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sulfonyl halides include alkylsulfonyi halides such as methanesulfonyl chloride and 
trifluoromethanesulfon^ chloride, and arylsulfonyl halides such as benzenesulfonyl 
chloride, p-bromobenzenesulfoir/l chloride and p-toluenesulfonyl chloride. Suitable 
sulfonic anhydrides include those corresponding to the above-mentioned sulfonyl 

5 halides. Sulfonic anhydrides are preferred in \raewofthefiict that the sulfonate 
anion generated as a by-product of the reaction is a relatively poor nucleophile and 
as such does not give rise to undesired side products such as those in which the 
nitro group is displaced. A particulariy preferred sulfonic anhydride is 
trifluoromethanesulfonic anhydride. 

10 The reaction is preferably carried out by combining a compound of Formula 

n with a base, preferably an excess of a tertiary amine base (e.g., a trialkylamine 
base such as triethyl amine) in a suitable solvent such as dichloromethane and then 
adding the sulfonyl halide or sulfonic anhydride. The addition is preferably carried 
out in a controlled fashion (e.g.» dropwise) and at a reduced temperature (e.g., 

15 about O^C). The product can be isolated by conventional methods or it can be 
carried on without isolation as described bdow in connection with step (3). 

In step (3) of Reaction Scheme I a (S-substituted) 4-nitrotetrazolo[l,S- 
a]quinolin-S-amine of Formula IV is provided by reacting a 4-nitrotetrazolo[l,5- 
a]quinolin-S-sulfonate of Formula III with an amine, preferably in the presence of an 

20 excess of an amine base in a solvent such as dichloromethane. Suitable amines 
include anmionia and preferably primary amines. Primary amines provide 5- 
substituted amino compounds of Formula IV wherdn the amino substituent is 
represented by Ri. Particularly preferred amines include isobutylamine and 2- 
aminomethyl-2-propanol. 

25 The reaction can be carried out by adding an excess of amine to the reaction 

mixture resulting from Step (2). The reaction can also be carried out by adding an 
excess of amine to a solution of the compound of Formula m in a solvent such as 
dichloromethane. As the sulfonate is a rdativdy fiidle leaving group the reaction 
can be run at ambient temperature. The product can be isolated from the reaction 

30 mixture using conventional methods. 
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In Step (4) of Reaction Scheme I a (S-substituted)tetrazolo[l»S-a]quinolin- 
4,S-diamine of Formula V is provided by reducing a (S-substituted) 4- 
nitrotetrazoio[US-a]quinolin-S-amine of Formula IV. Methods for such reduction 
are weU know to those skilled in the art. Preferably the reduction is carried out 

5 using a conventional heterogeneous hydrogenation catalyst such as platinum on 
carbon or palladium on carbon. The reduction can be conveniently carried out on a 
Paar apparatus in a solvent such as ethanol. The product can be isolated from the 
reaction mixture using conventional methods. 

In step (5) of Reaction Scheme I a (S-substituted) (6-substituted) 6H- 

10 imidazo[4,5-c]tetrazolo[l,5-a]quinoline of Formula VI is provided by reacting a (5- 
substituted)tetrazolo[US-a]quinoiin-4,S-diamine of Formula V with a carboxylic 
acid or an equivalent thereof Suitable equivalents to carboxylic acid include add 
halides, orthoesters, and 1,1-dialkoxyalkyl alkanoates. The carboxylic acid or 
equivalent is selected such that it wiU give rise to the desired 6-substituent in the 

15 compound of Formula VI wherein the 6*substituent is designated R2 (e.g., acetyl 
chloride will give rise to a compound ^ere R2 is methyl). The reaction can be run 
in the absence of solvent or preferably in an inert solvent in the presence of a 
caiboxylic add or equivalent thereof with sufficient heating to drive off any alcohol 
or water formed as a side product of the reaction. The product can be isolated from 

20 the reaction mixture using conventional methods. 

In step (6) of Reaction Scheme I a (1 -substituted) (2-substituted) N- 
triphenylphosphinyl-lH-imidazo[4,S-c]quinolin-4-amine of Formula VII is provided 
by reacting a (5-substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazolo[l,5- 
]quinoline of Formula VI with triphenylphosphine. The reaction can be carried out 

25 by combining a compound of Formula VI with triphenylphosphine in a suitable 
solvent such as 1,2-dichlorobenzene and heating. The product can be isolated from 
the reaction mbcture using conventional methods. 

In step (7) of Reaction Scheme I a (1 -substituted) (2-substituted) IH- 
imidazo[4,5-c]quinoline-4-amine of Formula Vm is provided by hydrolyds of a (1- 

30 substituted) (2-substituted) N-triphenylphosphinyl-lH-imidazo[4,5-c]quinolin-4- 
amine of Formula VII. Such a reaction can be carried out by general methods well 
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known to those skilled in the art (e.g., by heating in a lower alkanol in the presence 
of an acid). The product can be isolated from the reaction mixture by conventional 
means. 

In Reaction Scheme I, R* can be any group that can be incorporated into a 
5 sulfonyl halide or a sulfonic anl^dride. Alk^ (e.g., methylX haloall^l including 
perfluoroalkyl (e.g*, trifluoromethyl) and aiyl (e.g., phenyl, halophenyl and tolyi) are 
all suitable. 

Reaction Scheme n ilhistrates processes of the invention and the 
preparation of compounds of the invention. Compounds of Formula DC and 
10 methods for thdr preparation are known and disclosed, e.g. in U.S. Pat Nos. 

4,988,815 (Andre), and 5,268,376 (Gerster), both patents being incorporated herein 
by reference. 




vra vn VI 



Reaction Scheme n 

15 

In step (1) of Reaction Sdieme n a (5-substttuted) 4-nitrotetrazolo[l,5- 
a]quinolin-5-amine of Formula IV is pn»dded by reacting a (4-substituted) amino- 
2-chloro-3-nitroquinoline of Formula DC with sodium azide. The reaction can be 
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carried out by combining the compound of Formula DC with sodium azide in a 
suitable solvent such as N,N-dimethylfonnamide and heating (about SO^C). The 
product can be isolated from the reaction mijcture udng conventional methods. 

Steps (2), (3), (4) and (S) of Reaction Scheme II can be carried out in the 
5 same manner as steps (4), (S), (6) and (7) of Reaction Scheme I respectively. 

Reaction Scheme m illustrates processes of the invention and the 
preparation of compounds of the invention. Compounds of Formula X and 
methods for their preparation are known and disclosed, e.g., in European Patent 
Application 90.301776.3, U.S. Pat Nos. 4,689,338 (Gcrster), 4,698,348 (Gerster), 
10 4,929,625 (Gerster), 4,988.815 (Andre), 5,268,376 (Gerster), and 5,389.640 
(Gerster) all sbc patents being incorporated herein by reference. 




Reaction Scheme m 

15 In step (1) of Reaction Scheme in a (1 -substituted) (2-substituted) 4- 

hydrazino-lH-imidazo[4,5-c]quinoline of Formula XI is provided by reacting a (1- 
substituted) (2-substituted) 4-chloro-lH-imidazo[4,S-c]quinoline of Formula X with 
hydrazine. The reaction can be carried out by combixung a compound of Formula X 

-9- 
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with an excess of hydrazine and heating if necessary. The product can be isolated 
from the reaction mixture using convendonal methods. 

In step (2) of Reaction Scheme m a (S-substituted) (6-substituted) 6H- 
imidazo[4,5-c]tetrazolo[l,S-a]quinoline of Formula VI is provided by reacting a (1- 

S substituted) (2-substituted) 4-hydrazino-lH-imidazo[4,S-c]quinolme of Formula XI 
with sodium nitrite. The reaction can be carried out by combining the compound of 
Formula XI with sodium nitrite in a suitable solvent (e.g., water) in the presence of 
an add (e.g., acetic acid). The product can be isolated from the reaction mixture 
using conventional methods. 

10 Steps (3) and (4) of Reaction Scheme III can be carried out in the same 

maimer as steps (6) and (7) of Reaction Scheme I respectively. 

The compounds of Formula Vm can be used in the form of add addition 
salts such as hydrochlorides, dihydrogen sul&tes, trihydrogen phosphates, hydrogen 
nitrates, methane sulfonates and salts of other pharmaceuticaliy acceptable adds. 

15 Pharmaceuticaliy acceptable add addition sahs of Formula VDI are generally 
prepared by reaction of the respective compound with an equimohu* amount of a 
strong add, preferably an inorganic acid sudi as hydrochloric, sulfiuic or 
phosphoric acid or an orgamc add such as methanesulfonic acid in a polar solvent. 
Isolation of the salt is &dlitated by the addition of a solvent in which the salt is 

20 insoluble (e.g., diethyl ether). 

Processes of the invention provide as a final product a lH-imida2o[4,5- 
c}quinolin-4-amine, preferred embodiments of which can be represented by Formula 

vm. 

Preferably the lH-imidazo[4,S-c]quinolin-4-amine is a compound defined by 
25 one of Formulas XXI-XXV bdow: 
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XXI 

wherein 

Rn is selected from the group consisting of alkyl, hydroxyalkyl, 

5 acyloxyalkyl, boizyl, (phen^)ethyl and phen^ said benzyl, (phenyl)eth)i or phenyl 
substituent being optionally substituted on the benzene ring by one or two moieties 
independently selected from the group consisting of alkyl of one to about four 
carbon atoms, alkoxy of one to about four carbon atoms and halogen, vnih the 
proviso that if said benzene ring is substituted by two of said moieties, then said 

10 moieties together contain no more than 6 carbon atoms; acylaminoalkyl wh^ein the 
alkyl moiety contains two to four carbon atoms; disubstituted aminoalkyl wherein 
the alkyl moiety contains two to four carbon atoms; morpholinoalkyl wherein the 
alkyl moiety contains two to four carbon atoms; R21 is selected from the group 
consisting of hydrogen, alkyl of one to about eight caibon atoms, benzyl, 

15 (phenyl)ethyl and phenyl, the benzyl, (phenyl)ethyl or phenyl substituent being 
optionally substituted on the benzene ring by one or two moieties independently 
selected from the group consisting of alkyl of one to about four carbon atoms, 
alkoxy of one to about four carbon atoms and halogen, with the proviso that when 
the benzene ring is substituted by two of said moieties, then the moieties together 

20 contain no more than 6 carbon atoms; and each Ra is independently selected from 
the group consisting of alkoxy of one to about four carbon atoms, halogen and alkyl 
of one to about four carbon atoms, and n is an integer from 0 to 2, v^th the proviso 
that if n is 2, then said Ra groups together contain no more than 6 carbon atoms; 
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wherdn 

Kn is sdected from the group consisting of straight chain or branched chain 

5 alkenyl containing 2 to about 10 carbon atoms and substituted strai^t chain or 
branched chain alkenyl containing 2 to about 10 carbon atoms, wherein the 
substituent is selected from the group consisting of straight chain or branched chain 
alkyl containing 1 to about 4 carbon atoms and ^doaOcyl containing 3 to about 6 
carbon atoms; and cycloalM contauiing 3 to about 6 carbon atoms substituted by 

10 straight chain or branched chain alkyl containing 1 to about 4 carbon atoms; and 
R22 is selected from the group con^lstmg of hydrogen, straight chain or 
branched cham alkyl containing one to about eight carbon atoms, bem^ 
(phenyl)ethyl and phenyl, the benzyl, (phenyl)ethyl or phenyl substituent bdng 
optionally substituted on the benzene ring by one or two moieties independently 

15 selected from the group consisting of straight chain or branched chain alkyl 

contaimng one to about four carbon atoms, straight chain or branched chain alkoxy 
containing one to about four carbon atoms, and halogen, with the proviso that \^en 
the benzene ring is substituted by two such moieties, then the moieties togeth^ 
contain no more than 6 carbon atoms; and 

20 each Rb is independently sdected from the group consisting of straight diain 

or branched duun alkoxy containmg one to about four carbon atoms, halogen, and 
strai^ chain or branched chain alk^ containing one to about four carbon atoms, 
and n is an int^er from zero to 2, vnih the proviso that if n is 2, then said Rb 
groups together contain no more than 6 carbon atoms; 
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■R23 



in) 

xxm 



wherein 



10 



R23 is selected from the group consisting of hydrogen, straight chain or 
branched chain alkyl of one to about eight carbon atoms, hemyl^ (phenyl)ethyi and 
phen^ the benzyl, (phenyl)ethyl or phenyl substituent being optionally substituted 
on the benzene ring by one or two moieties independently selected from the group 
consisting of straight chain or brandied chain alkyl of one to about four carbon 
atoms, straight chain or branched chain alkoxy of one to about four carbon atoms, 
and halogen, with the proviso that when the benzene ring is substituted by two such 
moieties, then the moieties together coiitatn no more than 6 carbon atoms; and 

each Rc is independently selected from the group consisting of straight chain 
or branched chain alkoxy of one to about four carbon atoms, halogen, and straight 
chain or branched chain alkyl of one to about four carbon atoms, and n is an integer 
from zero to 2, with the proviso that if n is 2, then said Rc groups together contain 
no more than 6 carbon atoms; 




XXIV 
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wherein Ru is -CHRkR, 
wherein 

Ry is hydrogen or a caibon-carbon bond, with the proviso that when Ry is 
hydrogen R« is alkoxy of one to about four carbon atoms, lqrdro3(yalkoxy of one to 
5 about four carbon atoms, l-alkynyl of two to about ten carbon atoms, 

tetrahydropyran^ alkoxyalkyl wherdn the alkoxy moiety contains one to about 
four caibon atoms and the alkyl moiety contains one to about four carbon atoms, 
2-, 3-, or 4-pyiidyl, and with the further proviso that when Ry is a caxbon-carbon 
bond Ry and R« together form a tetrahydrofiiranyl group optionally substituted with 
10 one or more substituents independently sdected from the group consisting of 
hydroxy and hydroxyalkyi of one to about four carbon atoms; 

R24 is selected from the group consisting of hydrogen, alkyl of one to about 
four carbon atoms, phenyl, and substituted phenyl vdierein the substituent is 
sdected from the group con^sting of alk^ of one to about four carbon atoms, 
IS alkoxy of one to about four carbon atoms, and halogen; and 

Rd is selected from the group consisting of hydrogen, straight diain or 
branched chain alkoxy containing one to about four carbon atoms, halogen, and 
straight chain or branched diain alkyl containing one to about four carbon atoms; 




wherein 

Ris is selected from the group consisting of: hydrogen; straight chain or 
branched chain alkyl containing one to about ten carbon atoms and substituted 
25 straight chain or branched chain alkyl containing one to about ten caibon atoms, 
wherein the substituent is selected from the group consisting of cydoall^l 
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containing three to about six carbon atoms and cydoalkyl containing three to about 
six carbon atoms substituted by straight cham or branched chain alkyl containing 
one to about four carbon atoms; straight chain or branched chain alkenyl containing 
two to about ten carbon atoms and substituted straight chain or branched chain 
5 alkmyl containing two to about ten carbon atoms, wherein the substttuent is 
selected from the group consisting of cydoalkyl contmning three to about sbc 
carbon atoms and cydoalkyl containing three to about six carbon atoms substituted 
by straight chain or branched chain alkyl containing one to about four carbon atoms; 
hydroxyalkyi of one to about six carbon atoms; alkoxyalkyl wherein the alkoxy 

10 moiety contains one to about four carbon atoms and the alkyl moiety contains one 
to about sbc carbon atoms; acyloxyalkyl wherein the acyloxy moiety is alkanoyloxy 
of two to about four carbon atoms or benzoyloxy, and the alkyl moiety contains one 
to about sbc carbon atoms; benzyl; (phenyl)ethyl; and phenyl; said benzyl, 
(phenyl)ethyl or phenyl substttuent being optionally substituted on the benzene ring 

15 by one or two moieties independently selected from the group consisting of alkyl of 
one to about four carbon atoms, alkoxy of one to about four carbon atoms, and 
halogen, with the proviso that when said benzene ring is substituted by two of said 
moieties, then the moieties together contain no more than sbc carbon atoms; 
acylaminoalkyi wherein the alkyl moiety contains two to four carbon atoms; 

20 disubstituted aminoalkyi wherein the alkyl moiety contains two to four carbon 
atoms; morpholinoalkyl wherein the alkyl moiety contains two to four carbon 
atoms; 

R25is 



25 




wherein 

and Rt are independently selected from the group consisting of 
hydrogen, alkyl of one to about four carbon atoms, phenyl, and substituted phenyl 
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wherein the substituent is sdected from the group consisting of alkyl of one to 
about four carbon atoms» alkoxy of one to about four carbon atoms, and halogen; 

X is selected from the group consisting of alkoxy containing one to about 
four carbon atoms, alkoxyalk^ wherein the alkoxy moiety contains one to about 
5 four carbon atoms and the aDc^ moiety contains one to about four carbon atoms, 
haloalkyl of one to about four carbon atoms, alkyiamido wherein the alkyl group 
contains one to about four carbon atoms, amino, substituted amino wherein the 
substituent is alkyl or hydroxyalkyl of one to about four carbon atoms, azido, 
alkylthio of one to about four carbon atoms; and 
10 Re is selected from the group consisting of hydrogen, straight chain or 

branched chain alkoxy containing one to about four carbon atoms, halogen, and 
straight chain or branched chain alkyl contaimng one to about four carbon atoms; 

or a pharmaceuticaliy acceptable salt of any of the foregoing. 

The compounds recited above are disclosed and daimed in the several 
15 patents noted above in the Summary of the Invention and discussed below. 

In instances vAiere n can be zero, one, or two, n is preferably zero or one. 

The substituents Ra*Re above are species embraced by R. The preferred R 
substituent is hydrogen. 

The substituents Rtt-Ri5 above are spedes embraced by Ri. The preferred 
20 Ri substituents are aikjd of one to about sbc carbon atoms, hydroxy alkyl wherein 
the alkyl moiety contains one to about 6 carbon atoms, and aryialkyi wherein the 
alkyl moiety contains one to about three carbon atoms. Most preferably the Ri 
substituent is 2-methylpropyl, 2-hydroxy-2-methylpropyl, benzyl or phenylethyl. 

The substituents R2rR25 above are species embraced by R2 The preferred R2 
25 substituents are hydrogen, alkyl of one to about four carbon atoms, alkoxyalkyl 
wherein the alkoxy moiety contains one to about foiir carbon atoms and the alkyl 
moiety contains one to about four carbon atoms, hydroxyl alkyl wherein the alkyl 
moiety contains one to about four carbon atoms, haloalkyl wherdn the alkyl moiety 
contains one to about four carbon atoms, and aryloxymethyl. Most preferably the 
30 R2 substituent is hydrogen, methyl, ethoxymethyl, or benzyl. 
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Certsun R substituents, Ri substituents, and R2 subslituents will be 
incompatible with the particular reaction conditions described above in connection 
with the Reaction Schemes. Those skilled in the art, however, vfUl be able to select 
alternative conditions under which the several steps can be carried out and/or 
5 methods of ftinctional group protection and manipulation that will allow the use of 
the processes of the invention in the preparation of lH-imidazo[4,S-c]quinolin-4- 
amines of diverse structures. 

Certain lH-iniidazo[4,S-c]quinolin-4-amine5 have been disclosed as antiviral 
agents (see, e.g., European Patent Application 90.301776.3 (Gerster), U.S. Pat. 
10 Nos. 4,689.338 (Gerster), 4,929,624 (Gerster). 5,266,575 (Gerster), 5,268,376 
(Gerster), and 5,389,640 (Gerster) all five patents incorporated herein by 
reference). Certain of these compounds are also known to induce biosynthesis of 
cytokines such as interferons, interleukins, and tumor necrosis factor in humans and 
in mice. 

15 The Examples below are intended to illustrate the invention. All parts and 

percentages are by wdght unless otherwise indicated. 

Example 1 
Tetrazo]o[l,5-a]quinolin-5*oI 

Part A 

20 Anthranilic acid (274.3 g) and acetic anhydride (1 . 1 L) were combined then 

heated at reflux for 3.5 hours. The reaction mixture was concentrated under 
vacuum. The residue was combined with methanol (550 mL) then concentrated 
under vacuum to provide 2-methyl-4-oxo-3, 1-benzoxazine as a brown oil. 
PartB 

25 The crude 2-methyI-4-oxo-3 , 1 -benzoxazine was dissolved in acetic add (1.9 

L). Sodium azide (130.0 g) was added to the solution in portions with stirring. The 
reaction mixture was cooled in an ice bath to maintain the reaction temperature at 
25 to 30^C during the addition. The reaction nuxture was aUowed to stir at ambient 
temperature over the weekend. The acetic acid was removed undo- vacuum to 

30 provide a white solid. The solid was combined with 10% sodium hydroxide (1 .4 L) 
then heated on a steam bath for 1 hour. Additional sodium hydroxide (120 g of 
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50% sodium hydroxide) was added. The mixture was heated on a steam bath for an 
additional hour then allowed to cool to ambient temperature overnight. Additional 
sodium hydroxide (120 g of 50% sodmm hydroxide) was added. The mixture was 
heated on a steam bath for 2 hours then allowed to cool. The reaction mixture was 

5 poured with rapid stirring into a mbcture of concentrated hydrochloric add (1 .0 L) 
and ice (3 L). The resulting mixture was stirred at ambient temperature overnight. 
A precipitate was isolated by filtration, rinsed with water tiien slurried vnAk water (4 
L). The solid was isolated by filtration, rinsed with water then oven dried at SO^C 
to provide 278.0 g of crude 2-(5-methyl-IH-tetrazoM-yl)benzoic add as a tan 

10 solid, m.p. 1 57-160^C. The crude material was dissolved in 10% sodium hydroxide 
(2.5 L). The resulting solution was heated (95-99**C) for 2.5 hours, cooled, then 
poured with vigorous stirring into a nuxture of concentrated hydrochloric add (500 
niL) and ice (5 L). The resulting mixture was allowed to stir for 2 hours. The 
predpitate was isolated by filtration, rinsed with wat^, then slurried with wator (3 

15 L). The sotid was isolated by filtration, rinsed with water then dried overnight at 
ambient tmperature to provide 228 g of 2-(5-methyl-lH-tetrazoM-yl)benzoic add, 
m.p. 164-166*^C. 
Parte 

Acetone (3.2 L) and 2-(5-methyl-lH-tetrazoH-yl)benzoic add (228 g) 
20 were combined then stirred at ambient temperature for 15 minutes. Potassium 

carbonate (228 g) was added to the reaction mixture in a single portion. lodoethane 
(366.8 g) was added dropwise to the reaction mixture producing a slight exoth^in. 
The reaction mbcture was heated at reflux for about 4 hours then stirred ovemigifat 
while cooling to ambient tenq>erature. The predpitated salts were removed by 
25 filtration then rinsed with acetone. The combined filtrates were evaporated under 
vacuum. The residue was dissolved mdichloromethane (1.5 L). The 
dichloromethane solution was washed with water (1 .5 L), dried over magneshim 
sulfate then concentrated under vacuum to provide 227 g of ethyl- 2-(5-methyl-lH* 
tetnizol-l*yl)benzoate as a v/bite solid m.p. 98-lOO^C. 
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PanP 

Potassium ethoxide (173.5 g) was added in portions with stirring to a 
mixture of ethyl- 2-(S-methyl-lH-tetrazol-l-yl)benzoate (227 g) and N,N- 
dimelhylformamide (1.6 L). The reaction mixture was cooled with an ice bath to 

5 control the resulting exotherm. The reaction mixture was stirred overnight at 

ambient temperature then quenched with water (1 7 L). The pH was adjusted to pH 
S with acetic acid (170 mL). The resulting precipitate was isolated by filtration, 
rinsed with water then reslurried with water (2.S L). The solid was isolated by 
filtration, rinsed with water then oven dried (55 to 60*^C) for 16 hours to provide 

10 169.0 g of a \^te solid. A 3.0 g sample was recrystallized firom 

ethanol/dichloromethane to provide tetrazoIo[l,5-a]quinolin-5K>l as a white solid, 
m.p. 248''C (dec.). Analysis: Calculated for C9H;^40: %C, 58.06; VoH, 3.25; %N, 
30.09; Found: %C, 58.02; %H, 3.29; %N. 30.20. 

Example 2 

IS 4-Nitrotetrazolo[l,5-a]quinolin-5-ol Hydrate 

Tetrazolo[l,5-a]quinolm-5-ol (10 g, 54 mmole, Example 1) was suspended 
in acetic acid (200 mL) then warmed to 40**C. Nitric acid (4 mL of 16M, 59 
mmole) was added to the reaction mixture. The reaction mixture was heated at 
80°C for 30 minutes then allowed to cool to ambient temperature. The resulting 

20 precipitate was isolated by filtration, rinsed with water then recrystallized fi'om 
isopropanoi/water to provide 8.1 g of 4-nitrotetrazolo[l,5-a]quinolin-5-ol hydrate 
as light yellow plates, m.p. 1 86.5-1 ST'C. Analysis: Calculated for C9H5NSO3 • 
H2O: %C, 43.38; %H. 2.83; %N. 28.10; Found: %C. 43.27; %H. 2.84; %N, 28.25. 

Example 3 

23 2-Meth^-[(4-nitro-5-tetrazolo[ 1 ,5-a]quinolinyl)amino]-2-propanol 

Sodmm azide (19.5 g, 0.3 moles), 2-methyI-[(2-chloro-3-nitroquinolin-4- 
yl)amino]-2-propanol (29.6 g, 0.10 mole, U.S. Pat. No. 4,988,815 Example 12) and 
N,N-dimethylformamide (100 mL) were added to a jacketed 1 liter round bottom 
flask with the outside portion containing acetone. The reaction mixture was stirred 

30 with a stirring bar and the acetone refluxed to provide a constant internal reaction 
temperature of 53^C. After 1 8 hours the reaction mbcture was diluted with water 
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(100 mL). The resulting yellow predpttate was isolated by filtration then washed 
with S0% N,N-dimettr^!fonnamide/water until the washes became light colored. 
The yeDow/green solid was then washed with water» pressed dry and washed with 
ether. The solid was air dried to provide 27.2 g of crude produa as a yellow/light 
S green solid. This material was reciystallized from ethanol/dichloromethane to 
provide 2-methyl-[(4Hnitro-5-tetnizolo[US-a]quinolin^)amino]-2-propanol as a 
yellow crystalline solid, m.p. 204X (dec.). Analysis: Calculated for: C13H14N6O3: 
%C, 51.65; %H, 4.67; %N. 27.8; Found: %C, 51.30; %H, 4.69; %N, 27,43. 

Example 4 

10 [(4-Amino-S*tetrazolo[ 1 ,5-c]quinolinyl)amino]-2-methyl-2-propanol 

2-Methyl-[(4-i)itro-5-tetrazoIo[l,5-a]quinolinyl)amino]-2-propanol (30.2 g, 
0. 10 mole, Exany)le 3), cthanol (300 mL) and 5% Pd/C (1 .0 g of 50% water wet) 
were placed in a Paar apparatus. The mixture was hydrogenated. The nuxture was 
diluted with dichloromethane then filtered to remove the catalyst. The filtrate was 

15 concentrated under vacuum. The crude product was recrystallized fix)m ethanol to 
provide 20.5 g of [(4-amino-5-tetrazolo[l,5-c]quiiiolinyl)ainino]-2-methyl-2- 
propanol as a ydlow/green crystalline solid, m.p. 164-167^C. Analysis: Calculated 
for Ci3Hi«N«0: VoC, 57.33; %Ii 5.92; %N, 30.88; Found: %C. 56.94; %H, 5.88; 
%N, 30.80. 

20 Example S 

a,a-Dimethyl-6H-imidazo[4,5-c]tetrazolo[ 1 , 5-a]quinoline-6-ethanol 
[(4-Amino-5-tetrazoIo[l,5-c]quinolinyl)amino]-2*methyl-2-propanol (5 g, 
0. 18 mole» Example 4) was dissolved in triethyl orthoformate (17 g). The solution 
was heated at 120X for 20 hours. The reaction mixture was allowed to cool to 

25 ambient temperature then it was diluted with 1 N hydrochloric add. Formic add 
(20 mL) was added to the mixture which was then heated at reflux for an hour. The 
reaction mixture was concentrated under vacuum then neutralized with sodhmi 
hydro»de. The crude product was recrystallized from ethanol/ethyl acetate to 
provide OL,a-dimethyl-6H-imidazo[4,5»c]tetrazolo[U5-a]quinoline-6-ethanol as a 

30 solid, m.p. 245.248^C. Analysis: Calculated for C,4Hi4N60: %C, 59.55; %H, 4.99; 
%N, 29.77; Found: %C, 59.44; %H, 4.93; %N. 29.65. 
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Example 6 

o^a,S*Trimethyl-6H*imidazo[4,S-c]tetrazolo[I,5-a]quinoline^^ 
Acetyl chloride (16 g, 0.020 mole) was added dropwise to a solution of [(4- 
amino-S-tetnizolo[l,S*c]qiiinolmyI)amino]-2*methyl-2-prop (S g, 0.18 mole, 
5 Example 4) m acetonitrile. The reaction mixture was stirred at ambient temperature 
for 4 hours. The resulting precipitate was isolated by filtration then dissolved in 
acetic acid (about SO nvL). This solution was refluxed for 2 hours then neutralized 
with carbonate. The crude product was isolated by filtration then recrystallized 
initially fi-om hexane/ethyl acetate then from ethanol/ethyl acetate to provide 0,0,5- 
10 trimeth]d-6H-imidazo[4,S-c]tetrazolo[l,S-a]quinoline-6-ethanol as a solid, m.p. 
202.20S''C. Analysis: Calculated for C]5H|6N60: %C, 60.8; %H, 5.44; %N, 28.36; 
Found: %C, 60.68; %H, 5.48; %N, 28.28. 

Example? 

4-Hydrazino-l-(2-methylpropyl)-lH-imidazo[4,5-c]quinoUne 
15 4*Chloro-l-(2-methy1propyl)-lH-imidazo[4,S-c]quinoline (10.0 g, 0.0385 

moles, U.S. Pat. No. 4,689,338 Example 77) was added to hydrazine (30 mL). The 
mixture heated rapidly to reflux. The solid dissolved with a vigorous heat of 
reaction then a precipitate formed as the reaction mixture refluxed. The reaction 
mixture was diluted with water. The precipitate was isolated by filtration then 
20 suspended in water (100 mL). The solid was brought into solution by the addition 
of acetic acid. The solution was filtered to remove traces of undissolved solid. The 
filtrate was made basic by the addition of ammonium hydroxide. The resulting 
precipitate was isolated by filtration, washed with water then dried to provide 8.0 g 
of crude product as a white solid. A sample of this material was reciystallized from 
25 methanol to provide 4-hydra2dno-l-(2-methylpropyl>-lH-imidazo[4,5-c]quinoline, 
m.p. 202-205^0. Analysis: Calculated for CiJInN,: %C, 65.86; %H. 6.71; %N, 
27.43; Found: %C, 65.20; %H, 6.6; %N, 27.5. 

Example 8 

6-(2-Methylpropyl)-6H-imidazo[4,5-c]tetrazolo[l,S*a]quinoline 
30 A solution of sodium nitrite (2.0 g, 3 mmole) in water (5 mL) was added to 

a solution of 4-hydra2ino-l-(2-methylpropyl)-lH-imidazo[4,5-c]quinoline (4.0 g. 
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15.7 mmole. Example 7) in a mixture of acetic add (S mL) and water (SO mL). The 
reaction mixture was stirred at ambient tenq)erature for 15 minutes. A precipitate 
was isolated by filtration, washed with water then air dried to provide 4. 1 g of crude 
product. This material was recrystallized from dicUoromethane/ethanol to pro^^ 
5 3.0 g of 6-(2-methylpropyl)-6H-imidazo[4.S-c]tetra2x>lo[l,5-a]quinoline as a cream 
colored crystalline solid, m,p. 208-212^0. Analysis: Calculated for C14H14N6: %C, 
63.14; %H. 5.30; %N. 31.56; Found: %C, 62.60; %H, 5.2; %N, 31.5. 

Example 9 

Gc,a-Dimethyl-6H-imidazo[4,5-c]tetrazoIo[ 1 ,5-a]quinoline-6-ethanoI 

10 A suspension of 4-<^oro<<i,a-dimethyi-lH-imidazo[4,S-c]quinoline-l- 

ethanol (1.0 g, 3.6 mmole, U.S. Pat. No. 4,689,338 Example 189 Part D) in 
hydrazine (3 mL, 6.9 mmole) was heated on a steam bath for 1 hour then dihited 
with water. The resulting precipitate was isolated by filtration. The solid was 
dissolved in a mixture of acetic add (2 mL) and water (15 mL) then combined with 

15 a solution of sodium nitrite (0.5 g) m water. The resulting predpitate was isolated . 
by filtration, washed with water and dried to pro^nde 0.71 g of a,a-dimethyl-6H- 
imidazo[4,5-c]tetrazolo[l,5-a]quinoline-6-ethanol as a white solid, m.p. 246-247^0 
(shrunk at 230*'C). Analysis: Calculated for C14H14N6O: %C. 59.56; %H, 5.00; 
%N, 29.77; Found: %C, 59.45; %H, 5.06; %N. 29.51. 

20 Example 10 

l-(2-Methylpropyl)-N-triphenylphosphinyl-lH-imidazo[4,5<]quinolin'4-amm 
6-(2-Methylpropyl)-6H-imidazot4,5H:]tetra2olo[l,5"a]quinoline (0.2 g, 0.75 
mmole. Example 8), triphenylphosphine (0.4 g, 1.5 mmole) and 1,2- 
dichlorobenzene (5 mL) were combined and heated at reflux overnight. The 

25 reaction mixture was concentrated under vacuum then diluted vAih cydohexane (25 
mL). The resulting predpitate was isolated by filtration, washed with cydohexane 
then dried to provide K2-metl^propyI)-N-tripheii^phosphiiqrl-lH-iniidazo[4,5- 
c]quinolin-4-amine as a solid, m.p. 209-210*C. Analysis: Calculated for C32H29N4P: 
%C, 76.78; %H, 5,84; %N, 11.19; Found: %€, 76.03; %H, 5.87; %N, 11.09. 
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Example 1 1 

4-Ainino-0L,a-^liinethyI-lH-iinidazo[4,S-c]qi^ -ethanol 
Triphenylphosphine (4.S g, 17.0 nunole) was added to a mixture of a,a- 
dimeth)d-6H-imidazo[4,SH;]tetrazolo[l,S-a]quinoliDe-6-e^ (2.4 g, 8.S mmole, 

5 Example 9) and 1,2-dichlorobenzene. The reaction mixture was heated at reflux for 
3 hrs then concentrated under vacuum. The residue was combined with methanol 
(400 mL) and hydrochloric acid (SO mL of O.SN) then heated on a steam bath for 2 
hours. The resulting precipitate was isolated by filtration then washed with ether. 
The solid was dissolved in water and the solution was made basic with 10% sodmm 

10 hydroxide. After stirring for 30 nunutes, the reaction mbcturc was fQtered. The 
collected solid was rinsed with water and ether then recrystallized from N,N- 
dimethylformamide/ethanol to provide about 1 g of 4-amino-a,a-dimethyl-lH- 
imidazo[4,S-c]quinoline-l-ethanol as a solid, m.p. 271-273^C. Analysis: Calculated 
for C,4Hi6N40: %C, 65.6; %H, 6.29; %H 21.86; Found: %C. 65.37; %H, 6.26; 

15 %N, 21.61. 

Example 12 

1 -(2-Methylpropyl)- 1 H-imidazo[4,5-c]quinolin-4-amine 
l-(2-Methylpropyl)-N-triphenylphosphinyl-lH-imidazo[4,5-c]quinolin-4- 
amine (100 mg. Example 10) was suspended in a nuxture of methanol (3 mL) and 
20 hydrochloric acid (10 mL of 0.5N). The mixture was heated on a steam bath for 2 
hours then allowed to stand at ambient temperature overnight. The reaction 
nuxture was filtered. The filtrate was made ba^c with 10% sodium hydroxide. The 
resulting precipitate was isolated by filtration then dried to provide l-(2- 
methylpropyl)-lH-imidazo[4,S-c]quinolin-4-amine. The spectral properties of this 
25 material matched those of an authentic sample. 

Example 13 
4->ntrotetrazolo[ 1 ,S-a]quinolin-S-ol 
Aqueous sodium hydroxide (30 g of 50%) was added to a suspension of 2- 
methyl-[(4-nitro-5-tetrazolo[l,5-a]quinolinyl)amino]-2-propanol (34.0 g, 0.1 125 
30 mole. Example 3) in water (500 mL). The mixture was heated on a steam bath and 
the solid dissolved rapidly. The solution was heated for about 30 minutes and then 
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Upon stirring a solid began to precipitate. The mixture was made acidic with 6N 
hydrochloric acid. The resulting solid was isolated by filtration; washed in 
succession with water, ethanol and ether, then dried under vacuum at 1 OO^C to 
provide 23.2 g of crude product as a pale yellow/green solid. A sample (3.2 g) was 
5 recrystallized initially fiiom methanol/didiloromethane and then fi^om toluene to 
provide 4-nitrotetrazoIo[l,5-a]quindin-5-oL Analysis: Calculated for C9HSN5O3: 
%C. 46.76; %H; 2.18; %N, 30.29; Found: %C. 46.85; %H, 2.23; %N, 29.91. 

Example 14 

4-Nitrotetrazolo[l,S-a]quinoIin-5-yl]trifluorom^hane$ulfonate 
10 Triethylamine (0.6 mL, 4.32 mraole) was added to a suspension of 4- 

nitrotetra2olo[ 1 ,5-a]quinolin-5-ol ( 1 .0 g, 4,32 mmoIes» Example 2) in 
dichlorometbane (20 mL). The reaction nuxture was cooled to O^C. Triflic 
anhydride (0.73 mL, 4.32 nunole) was added. The reaction mbcture was stirred for 
3 hours at O^C. The reaction mixture was diluted with dichlorometbane (SO mL), 
15 washed with 0.5 N hydrochloric acid, dried over magnesium sulfate and 

concentrated under vacuum. The residue was conibined with hexanes ( 1 00 mLX 
refluxed for 1 5 minutes and filtered. A solid predpitated from the filtrate on 
cooling. The solid was isolated by filtration and dried to pro^ade 0.2 g of 4- 
nitrotetrazolo[l,5-a]quinolin-5-yl]trifiuoromethanesulfonate as a white solid, m.p. 
20 132-134°C. Analysis: Calculated for CioH,4F3N505S: %C, 33.07; %H, 1.11; %N. 
19.28; Found: %C, 33.19; %H. 1.28; %N, 19.61. 

Example IS 

N-(2-Methy!propyt)-4-nitrotetrazolo[l ,S-a]quinolin-5*amine 
Isobutylamine (1 mL) was added to a solution of 4-nitrotetrazolo[l,S- 
25 a]quinoIin*5-yl]trifluoromethanesulfonate (O.S g, 1.37 mmole, Example 14) in 

dichlorometbane (SO mL). The reaction mbcture was stirred at ambient temperature 
for 4 hours, diluted with dichlorometbane (SO mL), washed with water (2 X SO 
mL), dried over magnesium sulfide then concentrated under vacuunt The residue 
was purified by filtering through a layer of sdlica gd duting i;^th 2% methanol in 
30 dichlorometbane. The resulting yellow solid was recrystallized from ethyl acetate to 
provide 0.31 gof N-(2-methylpropyl)-4-nitrotetra2olo[l,5-a]quinolin-S-amine, 
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m.p. 152-154^C. Analysis: Calculated for C13H14N6O2: %C, 54.54; %H, 4.93; %N, 
29.35; Found: %C, 54.45; %H, 4.73; %N, 29.47. 

Example 16 

N^2-Methylpropyl>tetnizolo[l,5-a]qumoline-4,5-diaRime 
5 N-(2-Methylpropyl>4-nitrotetrBZolo[ U5-a]quinolin-S-a^ (1 0 g, 3.5 

mmoie» Example 15), ethanol (100 mL) and Pt/C were placed in a Paar apparatus. 
The mixture was hydrogenated at 50 psi (3.44 X 10^ Pa). The reaction mixture was 
filtered to remove the catalyst then concentrated under vacuum. The residue was 
recrystallized fi-om ethyl acetate to provide 0.35 g of N^2- 
10 methyipropyl)tetrazolo[l,5-a]quinoline-4,5-dtamine as off white needles, m.p. 148- 
150^C. Analysis: Calculated for CaHwN*: %C. 60.92; %H, 6.29; %N, 32.79; 
Found: %C, 60.94; %H, 6,25; %N. 32.93. 

Example 17 

6-(2-Methylpropyl)-6H-inudazo[4,5-c]tetrazolo[ 1 ,5-a]quinoline 
15 N^2-McthylpropyI)tctnttolo[1.5-a]quinoline-4,5^amine (0.2 g, 0.78 

mmole. Example 16) was combined with diethoxymethyl acetate (2 mL) and heated 
on a steam bath for 3 hours. Water (10 mL) and 10 % sodium hydroxide (2 mL) 
were added and the reaction mixture was heated on a steam bath for 1 hour. A 
solid was isolated by filtration then recrystallized fi-om methanol/ethyl acetate to 
20 provide 0. 1 6 g of 6-(2-methylpropyl)-6H-imidazo[4,5-c]tetrazolo[ 1 ,5-a]quinoline 
as a white crystalline solid, m.p. 210*212''C. Analysis: Calculated for C14H14N6: 
%C, 63.14; %H, 5.30; %N, 31,56; Found: %C, 63.12; %H, 5.32; %N, 31.61. 

Example 18 

N-( 1 , 1 -Dimethy]ethyI)-4-njtrot^razolo[ 1 ,5-a]quinolin-5-amine 
25 Triethylamine (6 mL), 4-nitrotetrazolo[U5-a]quinolin-5K)i (8.7 g, 37.6 

mmole. Example 13) and dichloromethane (100 mL) were combined and stirred at 
ambient temperature until a solution was obtained. The solution was cooled to - 
15^C. Triflic anhydride (6.5 mL) was added in portions to the cooled solution. The 
reaction mixture was allowed to warm to ambient temperature then filtered through 
30 a layer of silica gel. The filtrate was washed with cold dihite hydrochloric acid then 
dried over magnesium sulfate. Triethylamine (5.25 mL) was added to the 
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dichloromethane solution and the resulting mixture was sdrred for about 10 
minutes. /er/-ButyIamine (4.2 mL) was added dropwise to the reaction mixture. 
The reaction mixture was heated on a steam bath for about IS minutes. The 
resulting solid was isohued by filtration then purified by silica gel chromatography 
5 to provide the cnide product as a yellow solid. This material was recrystallized 
fi-om ethanol/water to provide 5 g of N-(l,l-dimethylethyl>4-nitrotetrazolo[l,S- 
a]qumolin-S-amme. The structure was confirmed by nuclear magnetic resonance 
spectroscopy. 

Example 19 

10 N^-( 1 , 1 -Dimethylethyl)tetra2olo[ 1 ,5-a]quinoline-4,5-diamine 

N-(l J-dimethyIethyl)-4-nitrotetra2olo[l,5-a]quinolin-5-amine (4.2 g. 
Example 18), ethanol (100 mL) and Pt/C (O.S g) were placed in a Paar apparatus. 
The mbcture was hydrogenated. The reaction mixture was filtered to remove 
catalyst then concentrated to dryness under vacuum. The residue was recrystallized 
15 fi-om ethyl acetate/dichloromethane to provide N^-(Ul-dimethylethyl)tetrazolo[l,5- 
a]quinoline-4»S-diamine as a pale blue crystalline solid. 

Example 20 

6-(l . 1 -Dimethylethyl>-6H-imidazo[4,S-c]tetrazolo[ 1 »5-a]quinoline 
DiethoTiymethyl acetate ( 1 .9 mL) was added dropwise to a solution of N^- 
20 (1 J-dimethylethyl)tetrazolo[l,5-a]quinoline-4,5-diamine (1.5 g, 5.9 mmole. 

Example 19) in acetic acid (15 mL). The reaction mixture was heated on a steam 
bath for 1 hour then made basic with sodhim hydroxide. The resulting precipitate 
was isolated by filtration then recrystallized fi-om ethanol to provide 6-(l,l- 
dimethylethyl)-6H-imidazo[4,5-c]tetrazolo[l,5-a]quinoline, m.p. 224-226**C. 
25 Analysis: Calculated for Ci4H,4N6: %C, 63.13; %H, 5.29; %N, 31.56; Found: %C, 
62.90; %H. 5.44; %N, 31.52. 

. Example 21 
6H-Imidazo[4,5-c]tetrazolo[l,5-a]quinoline 
6-(l,l.Dimethylethyl)-6H-imidazoK5<]tetrazolo[l,5-a]quiTO g. 3.8 
30 mmole. Example 20) was added to hydrodiloric add (5 mL of 6N); water (20 mL) 
was added and the mbcture was heated on a steam bath for 1 hour. The reaction 
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mixture was allowed to cool to ambient temperature then made basic (pH 1 1) by 
the addition of sodium hydroxide solution. The resulting precipitate was isolated by 
filtration, dried then recrystallized fromN,N-dimethyifonnamide to provide 0.6S g 
ofthe desired product as a solid. A sample ofthis material was refluxed in a large 
5 amount of dichloromethane/methanol, isolated by filtration, then dried to provide 
6H-imidazo[4,S-c]tetrazolo[l,S-a]quinoline as a solid, m.p. >300°C Analysis: 
Calculated for CkJWSTs: %Q 57.14; %H, 2.88; %N, 39.98; Found: %C. 56.89; 
%H, 3.10; %N 39.34. The structure was confirmed by both mass spectroscopy and 
nuclear nuignetic resonance spectroscopy. 
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WHAT IS CLAIMED IS: 

1 . A process for prqpioring a chemical compound comprising the steps 

of: 

5 (i) providing a tetrazolo[l,S-a]quinolin-S-ol; and 

Cii) nitrating the conqxHind from step CO to provide a 4-nitrotetrazoIo[U5- 
a]quinolin-S-ol. 

2. The process of claim 1 , further comprising the step of: 

10 (iii) sulfonyiating the compound from step (n) to provide a 4-nitrotetrazolo[ 1,5- 
a]quinolin-S-sulfonate. 

3. The process of claim 2, further comprising the step of: 

(iv) reacting the compound from step (m) with an amine to provide a (S- 
15 substituted)-4-mtn>tetrazolo[l,S-a]quinolin-S-amine. 

4. The process of churn 3, further compriising the step of: 

(v) redudng the con^>ound from step Ov) to provide a (5- 
substituted)tetrazoIo[ 1 ,5-a]quinoline-4,S-diamine. 

20 

5. The process of claim 4, further comprising the step of 

(vi) reacting the compound from step (v) with a carboxylic add or an equivalent 
thereof to provide a (S-substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazolo[l,S- 
a]quinoline. 

25 

6. The process of claim 5, fiirther comprising the step of: 

(vii) reacting the compound from step (vi) with tripbenylphosphine to provide a 
(1-substituted) (2-substituted) N-triphen^phosphii^l-lH-imidazo[4,S-c]quinolin-4- 
amine. 

30 
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7. The process of claim 6, further conq>rising the steps of: 

(viii) hydrolyzing the compound from step (vii) to provide a (1 -substituted) (2- 
substituted) lH-imidazo[4,S-c]quinolin-4-amine; and 
(xi) isolating the (1 -substituted) (2-substituted) lH-imidazo[4,S-c]quinolin^ 
5 amine or a pharmaceutically acceptable addition salt thereof 

8. A process for prq;)aring a chemical compound comprising the steps 

of 

CO providing a (4-substituted) amino-2-chloro-3-nitroquinoline; and 
10 (ii) reacting the compound from step (i) with sodium azide to provide a (S- 
substituted)-4-nitrotetrazolo[l,S-a]quinolin-S-amine. 



9. The process of claim 8, further comprising the step of 

(iii) reducing the compound from step (ii) to provide a (5* 
15 substituted)tetrazolo[ 1 , S-a]quinoline-4,S-diamine. 

1 0. The process of claim 9, fiirther comprising the step of 

(iv) reacting the compound from step Oii) with a carboxylic acid or an equivalmt 
thereof to provide a (S-substituted) (6-substituted) 6H-inudazo[4,S-c]tetrazolo[l»S- 

20 alquinoline. 



1 1 . The process of claim 10, further comprising the step of 
(v) reacting the compound from step (iv) with triphenylphosphine to provide a 
(1 -substituted) (2-substituted) N-triphenylphosphinyl-lH-imidazo[4,5-c]quinolin-4- 
25 amine. 



1 2. The process of claim 1 1 , further comprising the steps of 
(yi) hydrolyzing the compound from step (v) to provide a (1 -substituted) (2- 
substituted) lH-imidazo[4,S-c]quinolin-4-amine; and 
30 (vii) isolating the (1 -substituted) (2-substituted) lH-inrudazo[4,S-c]quinolin-4- 
amine or a pharmaceutically acceptable addition salt thereof 
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13. A process for preparing a chemical compound con^ri^g the steps 

of: 

(0 providing a (1-substituted) (2-substituted) 4-chloro-lH-imidazo[4,5- 
c]quinoline; and 

(ii) reacting the compound from ^ep (i) with hydraane to pro^dde a (1- 
substituted) (2-substituted) 44iydrazino-lH-imidazo[4,S-c]quinoline. 

14. The process of claim 13, further comprising the step of 

(iii) reacting the compound from step (ii) with sodmm nitrite to provide a (S- 
substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazoIo[l,S-a]quinoline. 

15. The process of claim 14, further conq)rising the step of 

(iv) reactmg the compound from stq> (iii) with tripheiqdphosphine to provide a 
(1 -substituted) (2-substituted) N-triphenyIphosphinyl-lH-imidazo[4,S-c]quinolin-4- 
amine. 

16. The process of claim IS, fiirther comprising the steps of 

(v) hydrolyzing the compound from step Qv) to provide a (1-substituted) (2- 
substituted) lH-imidazo[4,S-c]quinoIin-4-amine; and 

(vi) isolating the ( 1 -substituted) (2-substituted) lH-imidazo[4,S-c]quinolin-4- 
amine or a pharmaceutically acceptable addition salt thereof 

17. A process for preparing a diemical compound comprising the steps 

of 

CO providing a (5-substituted) (6-substituted) 6H-imidazo[4,5-c]tetrazolo[l,5- 
a]quinoIine; and 

(ii) reacting the compound from step CO ^tb triphenylphospfaine to provide a 
(1-substituted) (2-substituted) N-triphenylphosphinyl-lH-im]dazo[4,S-c]quinotin-4- 
amine. 
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1 8. The process of daim 1 7, further compri^g the steps of: 

(tii) hydrolyang the compound from step (ii) to provide a ( 1 -substituted) (2- 
substituted) lH-tmidazo[4,S-c]quinoliii-4-amine; and 
(vi) isolating the (1 -substituted) (2-substituted) lH-imidazo[4,S-c]quinoIin-4- 
5 amine or a pharmaceutically acceptable addition sah thereof 

1 9. A process according to Claim 7 wherein the ( 1 -substituted) (2- 
substituted) lH-imidazo[4,5-c]quinolin-4-amine is l-(2-methylpropyl)-lH- 
imidazo[4,S-c]quinolin-4-amine. 

10 

20. A process according to Claim 12 wherein the (1-substituted) (2- 
substituted) lH-imidazo[4,S-c]quinolin-4-anune is H2-metfaylpropyI)-lH- 
tmidazo[4,S-c]quinolin-4-amine. 

15 21. A process according to Claim 16 wherein the (1 -substituted) (2- 

substituted) lH-imidazo[4,S-c]quinoltn-4-amine is l-(2-methylpropyI)-lH- 
imidazo[4,S-c]quinolin-4-amine. 

22. A process according to Claim 18 wherein the (1 -substituted) (2- 
20 substituted) lH-imidazo[4,5-c]quinolin-4-amine is l-(2-methylpropyl)-lH- 

imidazo[4,S-c]quinolin-4-aniine. 

23 . The compound 4-nitrotetrazolo[ 1 ,S-a]quinolin-S-ol. 
25 24. A compound of Formula in 




m 
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wherein K is sdected firom the group consisting of alkyl, haloaikyl and aryl. 

25. A conq)ound according to Claim 24 \rfieran R' is trifluorometlQrl. 

5 

26. A compound according to Formula IV 




IV 



10 wherein Ri is selected from the group con^sting of alkyl of one to about six carbon 
atoms, hydroxy alkyl wherein the alkyl moiety contains one to about 6 carbon 
atoms, and arylalkyl wherein the alkyl moiety contains one to about three carbon 
atoms. 

15 27. A compound according to Claim 26 wherein Ri is selected from the 

group coninsting of 2-methylpropyl, 2-hydroxy-2-methylpropyl, benz^ and 
phenylethyl. 

28. A compound according to Claim 27 wherem Ri is 2-metl^lpropyL 

20 
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29. A compound of Formula V 




5 wherein R| is selected from the group consisting of alky! of one to about ^ carbon 
atoms, hydroxy alky! wherdn the alkyl moiety contains one to about 6 carbon 
atoms, and aiylalkyl wtorein the alk^ moiety contains one to about three carbon 
atoms. 



10 30. A compound according to Qaim 29 wh^ein Ri is selected from the 

group consisting of 2-methylpropyl, 2-hydroxy-2-methylpropyl, benzyl and 
phenylethyl. 

31. A compound according to Claim 30 wherein Ri is 2-methyipropyl. 

13 

32. A compound of Formula VI 




20 wherein R] is selected from the group consisting of hydrogen, alkyl of one to about 
^ carbon atoms^ hydroxy alkyl wherdn the alkyl moiety contains one to about 6 
carbon atoms, and arylalkyl v^erdn the alkyl moiety contains one to about three 
carbon atoms; and R2 is selected from the group consisting of hydrogen, alkyl of 
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one to about four carbon atoms, alkoxyalkyl wherdn the alkoxy moiety contains 
one to about four caibon atoms and the a]kyl moiety contains one to about four 
carbon atoms, hydroT^l alkyl wherein the alkjd moiety contains one to about four 
carbon atoms, haloall^l wherdn the aikyl moiety contains one to about four carbon 
5 atoms, and aryloxym^yl. 

33 . A compound according to Claim 32 wherdn Ri is selected from the 
group consisting of hydrogen, 2-methylpropyI, 2-hydroxy-2-methylpropyl, benzyl 
and phenylethyl. 



34. A compound according to Claim 32 wherein R2 is selected from the 
group consisting of hydrogen, methyl, ethoxymethyl, and benzyl. 

35. A compound according to Claim 32 wherein Ri is 2-methylpropyl 
15 and R2 is hydrogen. 

36. A compound accorcting to Claim 32 v^erein Ri is hydrogen and R2 
is hydrogen. 

20 37. A compound of Formula VII 



wherdn Ri is sdected fix)m the group consisting of hydrogen, alkyl of one to about 
25 six carbon atoms, hydroxy alkyl wherein the alkyl moiety contains one to about 6 
carbon atoms, and ar^alkyl wherein the alkyl moiety contains one to about three 
carbon atoms; and R2 is sdected from the group consisting of hydrogen, alkyl of 



10 




N=P(Ph)3 
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one to about four carbon atoms, alkoxyalkyl v^erein the alkoxy moiety contains 
one to about four carbon atoms and the alkyl moiety contains one to about four 
carbon atoms, hydroxyl alkyl wherdn the alkyl moiety contains one to about four 
carbon atoms, haloalkyl v^erdn the alkyl moiety contains one to about four carbon 
5 atoms, and aryloxymethyl. 

38. A compound according to Claim 37 wherein Ri is selected from the 
group consisting of hydrogen, 2-methylpropyl, 2-hydroxy-2-methylpropyl, benzyl 
and phenylethyl and R2 is selected from the group consisting of hydrogen, methyl, 

10 ethoxymethyl, and benzyl. 

39. A compound according to Claim 38 wherein Ri is 2-methylpropyl 
and R2 is hydrogen. 

15 40. A compound of Formula XI 




wherein R] is selected from the group consisting of hydrogen, alkyl of one to about 
20 six carbon atoms, hydroxy alkyl wherein the alkyl moiety contains one to about 6 
carbon atoms, and arylalkyl wherein the alkyl moiety contains one to about three 
carbon atoms; and R2 is selected from the group consisting of hydrogen, alkyl of 
one to about four carbon atoms, alkoxyalkyl wherein the alkoxy moiety contains 
one to about four carbon atoms and the alkyl moiety contains one to about four 
25 carbon atoms, hydroxyl alkyl wherein the alk^ moiety contains one to about four 
carbon atoms, haloalkyl wherein the alkyl moiety contains one to about four carbon 
atoms, and aryloxymethyl. 
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41. A compound according to Claim 40 wherein Rt is selected firom the 
group consisting of Mrogen, 2-methylpropyl, 2-]qrdroxy-2-metfaylprop]4, bena^l 
and phensdethyl and R2 is selected from the group consisting of Iqrdrogen, methyl, 

5 ethoxym^yl, and b^i^L 

42. A compound according to Claim 4 1 wherein R| is 2-methylpropyl 
and R2 is hydrogen. 
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